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RESUIfgS OF AN INVESTIGATION OF THE SPACE SHUTgLE

SOLID ROCKET BOOSTER AERODYNAMIC HEATII_

CHARACTERISTICS OBTAINED USING _E O.OI75-SCALE

MODEL 60-OTS IN AEDC TUNNEL A DURING TEST I}{47

by

W. H. Dye, Rockwell

ABSTRACT

A thin-skin thermocouple test was conducted to obtain heat-transfer

data on the Space Shuttle Solid Rocket Booster, both isolated and in the

presence of the Orbiter and External Tank, during the ascent phase of

its flight profile. The test model was a O.O175-scale thin-skin thermo-

couple model (60-OTS) of the Rockwell International Vehicle 5 configur-

ation. The test was conducted in Tunnel A at nominal Mach numbers of 3

and 4, and freestream unit Reynolds numbers of 1.5, 3.7, and 4.1 million

per ft. Heat-transfer data were obtained for angles-of-attack of 0 and

+5 deg. and yaw angles of O, ±5, and -6 deg. The Integrated Vehicle

model was tested with the external tank configured with a spike nose.

Orbiter/external tank attach hardware were simulated. Orbiter elevons

were deflected down 10 o during this test. The testing utilized 32 hours of

of tunnel occupancy time from March 8 through March 19, 1976. Results of

the test are presented in this report, consisting of 2 volumes as follows: _

Volume i

Volume 2

Plotted Data

Tabulated Data
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INTRODUCTI ON

These tests were conducted to obtain heat-transfer-rate data on the

Space Shuttle Solid Rocket Boosters at simulated ascent flight conditions.

The components of the vehicle produce a complex flow field with many

shock interactions. Although progress has been made in analyzing shock

interference heating, experimental data are still relied upon to provide

vehicle design information. One technique resulting from analytical

studies is the ratioing of interference heating to undisturbed values.

During these tests, the Sol_d Rocket Booster was tested alone so that

these heating ratios could be constructed and so data quality could be

confirmed.

Much of the information presented in this report was derived from

Reference 1.



NCMENCLA%N/RE

SYMBOL

I, a2, a3

, T£'!{A-P REBk_

AL_IA-SECTOR

b

Cp

C.R.

dTw

dt

ET

F/T LE_GTK

GRIT

h}_F

h u

MNEMONIC

DTNDT

GRIT

HI

HI_IF

HU

DEFINITION

constants used to calculate R, defined in
context

sting prebend angle, deg.

tunnel sector angle, deg.

model wall thickness, in.

model wall specific heat, BTU/Ibm-OR

center of rotation

derivative of model wall temperature with

respect to time, °R/sec.

external tank

time span over which a linear least squares
curve fit of

in versus time

was applied, sec.

code indicating boundary layer transition

configuration on model

heat transfer coefficient in an interference

flow field, BTU/ft2-sec-°R

reference heat transfer coefficient, based on

1-foot full scale radius sphere, based on

Fay-Riddell theory,

.4[ .25/8.139 _ P'o 1 - P_ /Pol] 4rRN'To

BTU/ft2-s ec-OR

heat transfer coefficient in an undisturbed

flow field, B_J/ft2-sec-°R

.15
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NCMENCLATURE(Continued)

SYMBOL

h(TAW)

h(To)

h(.95T o)

h(no)

Mo o

Me

L0

%

OTS

i_ o

Pol

Poc

q

q_

r

R

RN

MNEMONIC

II(TAW )

H(TO)

H( .95 TO)

H(RTO)

MACE

L

L

L

P0

PS

QDOT

Q(PSl)

R

DEFINITION

neat transfer coefficient, q/[TAW - Tw],

B_J/ft2-sec-°R

heat transfer coefficient, q/IT O - Tw],

B_/ft2-sec-°R

heat transfer coefficient, q/[.95To - Tw],

BTU/ft2-sec-OR

heat transfer coefficient, q/[RT o - Tw],

BTU/ft2-sec-°R

freestream Mach number

M_ch number at the edge of boundary layer

orbiter reference lengthj in.

SRB reference length, in.

ET reference length, in.

mated space shuttle vehicle, orbiter, tank,

and SRB

stagnation pressure, psia

stagnation pressure downstream of a normal

shock, psia

freestream static pressure, psia

heat transfer rate, BTU/ft2-sec °R

freestream dy_sunic pressure, psi

recovery factor

analytical temperature ratio, TAW/T o

reference nose radius, scaled from 1-foot

full scale, ft.

9



NOMENCLATURE (Continued)

_YMBOL

_/_

SFR

SRB

t

ti

T

Te

To

Tw

Tw i

T_

TAW

T/C

W

X o

X S

X T

X/L B

MNEMONIC

RN/L

STN NO

TO

TW

TAW

T/C NO

X0

XS

XT

X/LB

DEFINITION

unit Reynolds number, million per foot

theoretical stagnation point Stanton number

for a scaled l-foot full scale radius sphere

from Fay-Riddell theory,

_ 13_._4_ v_ (0._3_+o.oooo_351_o+560111
solid rocket booster

time, sec

initial time, sec

temperature, °R

temperature at edge of boundary layer, OR

tunnel stilling chamber temperature, OR

model wall temperature, OR

initial model wall temperature

freestream static temperature, OR

adiabatic wall temperature, OR

thermocouple number

freestreamvelocity, ft/sec

model wall density, ibm/ft3

orbiter longitudinal coordinate, in.

SRB longitudinal coordinate, in.

ET longitudinal coordinate, in.

longitudinal position as a fraction of

the SRB reference length

I0



NCMENCIATURE(Concluded)

SYMBOL

Y

Z

a

8

8BF

8e

8SB

8

P

¢

SUBSCRIPTS

i

e

0

S

T

oO

MNEMONI C

ALPHA

BETA

BDFLAP

ELEVON

SPDBEK

THETA

MU

RHO

PtlI

PSI

DEFINITION

lateral coordinate, in.

vertical coordinate, in.

model angle-of-attack, deg.

model allEle-of-sideslip, deg.

ratio of specific heat of air

local model surface angle to freestream flow,

dog.

body fl_p deflection angle, deg.

elevon deflection angle, dog.

speedbrake deflection angle, dog.

local model surface deflection angle, dog.

viscosity, ib-sec/ft 2

density of air, slug/ft 3

model roll angle, angular location coordinate

on model surface, dog.

yaw angle, dog.

initial condition

local condition at edge of boundary layer

orbiter

SRB

ET

freestream condition

11



CONFIGURATIONSINVESTIGATED

The te_Btmodel was a 0.0175-scale, thin-skin, thermocouple-equipped

re_,resentation of the Rockwell International Vehicle 5 configuration of

th_ Space Shuttle. Sketches of the model are presented in Figure 2.

"_[_,'e _ showsa photograph of the model. The integrated model was com-

posed of th _ orbiter vehicle, external tank, and two solid rocket boosters.

The external tank was designed with a spike shaped nose tip con-

figuration. The nose tip profile is shownin Figure 2b. The orbiter

elevons were deflected downlO° for all integrated vehicle testing.

The model was constructed of 17-4 PH stainless steel. The nominal

skin thickness was 0.030 in. at the instrumented areas. All thermocouples

were spot-welded to the inner surface of the model and the skin thickness

was measuredat each thermocouple location.

Boundary-layer trips were designed to be form-fitted to the orbiter

and the solid rocket boosters. The orbiter and solid rocket booster

trips consisted of 0.O20-in.-dia. stainless steel balls spot-welded to a

thLLn, stainless steel band. The trips attached to the orbiter at an

Xo/L0 of 0.0h and on the solid rocket boosters at an Xs/LS of 0.019. No

bo_mdary-layer tripping devices were installed on the external tank.

Model configurations tested were isolated SI_Bwith no protuberances

and the integrated vehicle, both with and without protuberances. The

ir,tegrated vehicle was also tested using 30o half angle solid SRBplume

s_mulations attached to the sting, but the tunnel choked and no usable

data were obtained with this configuration. Model configurations were

12



CONFIGURATIONSINVESTIGATED(Concluded)

designated as follows:

Notation in
Table II
and Data

Clean SRB

OTS

OTS(SRBClean)

Model Component

Designation, Used

in Table III

s2B

B62 C12 E52 Flo M16 R18 $2 B TB4 V8 Wll6

B62 C12 E52 FIO MI6 RI8 $2 B TB4 V8 WII6

Description

Isolated SRB

with no pro-

tuberances

Mated orbiter,

tank and SRB

with SRBpro-

tuberances

Mated orbiter,

tank, and SEB

without SRB pro-

tuberances

13



INSTRUMENTATION

Tunnel A stilling chamber pressure was measured with a 15-, 60-,

150-, or 300-psid transducer referenced to a near vacuum. Based on

periodic comparisons with secondary standards, the uncertainty (a band-

width which includes 95 percent of the residuals) of these transducers

was estimated to be withln _0.2 percent of reading or ±0.015 psia, which-

ever was greater. Stilling chamber temperature was measured with a

copper-constantan thermocouple with an uncertainty of _B°F based on

repeat calibrations.

The model temperatures were measured with iron-constantan thermo-

couples with an estimated uncertainty of ±0.5 percent. There were ll01

thermocouples installed on the model, however, only 205, located on the

SRB,were recorded. A Beckman_210 analog-to-digital converter was used

in conjunction with a CDC 160-A computer to record the temperature data.

Table IV shows thermocouple locations on the SRB model.

The standard Tunnel A instrumentation system is designed to record

a maximum of 97 thermocouples. To more efficiently accommodate the 205

thermocouples on this test required the installation of additional equip-

ment. A terminal board was used that allowed 291 thermocouples to be

connected at one time. An existing three-positlon switch was incorp-

orated that was used to select a group of 97 thermocouples to be

recorded during each model injection. Three runs with identical model

configurations and tunnel conditions were made with the switch set in

different positions to record all 205 thermocouples on the SRB.

14



TEST FACILITY DESCRIPTION

The AEIE von Karman Facility (VKF) Tunnel A is a continuous, closed-

circuit, variable density wind tunnel with an automatically driven

flexible-plate-type nozzle and a 40- by 40- in. test section (see Figure

2ci. The tunnel can be operated at Mach numbers from 1.5 to 6 at maxi-

mum stagnation pressures from 29 to 200 psia, respectively, and stagnation

temperatures up to 750 ° (M = 6). Minimum operating pressures range from

about one-tenth to one-twentieth of the maximum at each Mach number. A

description of the tunnel and airflow calibration information may be

found in the Test Facilities Handbook (Reference 3).

15
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TEST PROCEDURE

The desired model attitude was established prior to injecting the

model into the flow. When the model reached tunnel centerline, it was

i_nediately translated forward into the undisturbed tunnel flow. The

thermocouple outputs were scanned approximately 17 times per second

starting prior to model injection into the airstream and continuing about

5 sec. after the model reached the tunnel centerline. After each in lec-

tion, the model was cooled to an isothermal state at approximately 20°F

using high-pressure air.

Data were obtained at angles of attack of 0 and +5 deg. and yaw

angles of O, +5, and -6 deg. Table I summarizes nominal freestream

test conditions.

Uncertainties of the basic tunnel parameters were estimated from

repeat calibrations of the Po and To instruments and from the repeat-

ability and uniformity of the tunnel flow during calibrations. The

parameters, Po, To, and M_ with their uncertainties, were then used to

compute the uncertainties in the other parameters dependent on these by

means of the Taylor seri_s method of error propagation. Table I

summarizes uncertainties of these parameters.

]6



DATA REDUCTION

The reduction of thin-skin thermocouple data normally involves only

the calorimetric heat balance which in coefficient form is:

h(T o) = WbCp _ (i)
To - Tw

For this test a value of 0.95T o was selected for TAW and equation

(i) can be written

h(.95 To) = WbCp dTw/dt (2)
•95T o -T w

Radiation and conduction losses are neglected in this heat balance, and

data reduction simply requires evaluation of dTw/dt from the temperature-

time data and determination of model material properties. For the present

tests, radiation effects were negligible; however, conduction effects can

be significant in several regions of the models. To permit identification

of these regions and to improve evaluation of the data, the followi_

procedure was used.

Separation of variables and integration of Eq. (2) assuming constant

w, b, Cp, and To yields:

h('95 To) 195To - _w b ep (t - ti) -In 95To (3)

Differentiation of Eq.(3) with respect to time gives:

h(.95 To) d In _95To - Twi_]w b Cp - dt .95T o _w_ (4)

Since the left side of Eq. (4) is a constant, plotting versus time

will give a straight line if conduction is negligible. Thus, deviation

17



DATAREDUCTION(Continued)

from a straight line can be interpreted as a conduction effect.

The data were evaluated In thls manner, and generally a linear por-

tion of the curve was used for all thermocouples. A linear least-squares

curve f_t of tn[(.95T o - Twi)/(.95T o - Tw)] versus time was applied to the

data. The value of the initial slope is high when the model is located

on the tunnel centerline in the rear test section. As the model is

translated forward out of thls region into the undisturbed tunnel flow a

new linear slope is established that is the desired value of

d In[(.95To - Twl)/(.95T o - Tw)]. Generally, for all thermocouples
dt

with a value of XT/L T less than or equal to 0.05 the curve fit was

started at the time the model reached the tunnel centerline. The curve

fit for thermocouples with a value of XT/L T greater than 0.05 and less

than or equal to O.1 started 1.O sec. after the model reached centerllne.

The curve flt for the remaining thermocouples started 2.0 sec. after

centerline to ensure that the model was clear of any disturbance In the

aft part of the test section. The curve fit extended for a time span,

which was a function of the heating rate, as shown below:

aan_e

dTw/dt > 32

16 < dTw/dt _- 32

8 < _l_t _ 16

•4 _ d_/dt < 8

2 _ _,Tw/dt _ h
1 < _T_/dt _ 2

dTw/dt < 1

Number of Points

5

7

9

13

I'F
29
hi

18



D DATA REDUCTION (Continued)

The above time spans were adequate to keep the evaluation of the

right side of Eq. (4) within the linear region. The linearity of the fit

was substantiated by visual inspection of the cases in question. Strictly

speaking, the value of Cp for the material was not constant, as assumed,

and the following relation:

Cp = 0.0797 + (5.556 x lO'5)T, (17-4 PH stainless steel) (5)

wa_ used with the value of Tw at the midpoint of the curve fit. The

maximum variation of Cp over the curve fit was less than 1.2 percent.

The value of density used for 17-4 PH stainless steel was

w = 490.0 lbm/ft3

The maximum available tunnel stagnation temperature for each Mach

number tested is listed in Table I. With these relatively low stagnation

temperatures, the difference between the model wall temperature and

recovery temperature was generally small in regions of peak heating.

This small temperature difference causes the calculation of the heat-

transfer coefficient to be very sensitive to deviations from the actual

adiabatic wall temperature. Two values of the heat-transfer coefficient

were calculated based on an assumed constant recovery temperature, namely

1.0 and :95 as described above. To account for changes in the recovery

temperature a third value of the heat-transfer coefficient has been

tabulated based on an analytical temperature ratio, R = TAW
To

The analytical method for determining R was developed by Rockwell

International and has been used to calculate h(BTo). In this method, the

19



DATA REDUCTION (Continued)

following relationships were assumed:

R - TAW

To

and

(6)

TAW = T e (i + T - 1 r M_) (7)2

r = 0.898 for turbulent flow

with r being the recovery factor and the subscript e identifying local

properties at the boundary-layer edge. From these relationships, the

temperature ratio can be defined as
2

1 + 0.2 r M e
R = (8)

1 + 0.2M_

which is a function of the recovery factor and the local Mach number.

The local Mach number can be written

M e = M e (M_, 8) (9)

where _ identifies the freestream property and 8 is the local surface

angle-of-attack. Standard matrix techniques (see Reference 4) were used

to derive the following relationship for 8.

8 = arcsin (sin 8 cos _ + cos @ cos _ sin _)

where

= alpha-sector, deg.

= roll model + phi, deg.

= local model deflection angle, deg.

The edge conditions were computed from M_ and 8 using the tangent cone

flow theory. The following relationship was used to calculate the tem-

perature r_tio:

2O



DATAREDUCTION(Continued)

R(M_, 8)_a I(M_) +a 2 (M_)-(sinS) a3 (M_) (lO)

The values of the constants used for this test are:

M _ a I a2 a____3

3."-_ o.-'_5 o. lO'--'_ 2.165

4.o 0.9220 O.lOO_ 1.965

The method used to calculate the analytical temperature ratio, R,

has been applied to all of the tabulated data. The method represents a

simplified approach to a more realistic evaluation of TAW. However, in

regions of separated flow or complex interaction, the values calculated

for R may no longer apply and should be used with extreme care.

Data obtained using the Rockwell analytical method for determining

R were used to calculate interference to undisturbed ratios of thin film

coefficient as follows:

h a given thermocouple on the_calculated at location

|tank in the mated configuration during a test run at|

hi [a given a, _, and M J

hu

h calculated at the same thermocouple location on th_

isolated tank during a test run at the same _, _, Jand M_ for windward surfaces and at _ = O, _ = 0

and matching M_ for leeward surfaces

Table VI defines windward and leeward surfaces. These data are presented

in plotted format in the Data Figures and are tabulated in the Appendix.

Table VII defines data associated with each data set identifier.

Estimated uncertainties for the individual terms in Eq. (B) were

used in the Taylor series method of error propagation to obtain uncer-

tainty in values of heat-transfer coefficient as given below:
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DATA REDUCTION (Concluded)

h(To)

i0-_

iO-3

10-2

Uncertainty, percent

12

ii

9.5

22
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I0. MODELDRAWINGS

Drawing No.

SS-H-OI401

SS-H-OI402

SS-H-O1403

SS-H-01422

SS-N-O1423

SS-H-01424

SS-H-OI425

SS-H-OIh61

SS-H-01470

SS-H-OI500

SS-H-OI547

W-II4OSA

Title

Model Assembly - SSV ORB H/T (140C) Model 60-0

Details - Forebody and Wing L.H. SSV-ORB H/T (140B)

Details - Forebody and Wing R.H. SSV-ORB H/T (140B)

Upper Body - SSV ORB H/T (lh0C) O.0175-Scale Model

60-0 (Not available at this time).

Aft Fuselage - SSV ORB H/T (lhOC) O.0175-Scale

(MS Pod - SSV ORB H/T (lhOC) O.O175-Scale Model 60-0

Details and Assembly - Vert. Stab. H/T (140C) 60-0

SSV

EClaT Assy - .0175 Scale SSV ORB H/T Model 60-0

Veh 5.

SRB Assembly - .0175 Scale H/T Model 60-0TS Veh 5

Installation - .0175 Scale SSV ORB H/T Model 60-0,

AEDC 'A'

Patch Board Assy.- .0175 Scale SSV ORB H/T Model 60-0

SRB Assy., R.H. - .0175 Scale Model 60 0TS Heat

Transfer

Detail ECHT Attachments - .0175 Scale SSV ORB H/T

Model 60-0

Sting Adaptor - .0175 Scale ECHT SSV ORB H/T

Model 60-0
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ii.

12.

13.

REFERENCES (Concluded)

Drawing No.

W-II41A

Title

Adapter - .0175 Scale LRC/UPWT-H/T Model 60-0,

0RB-ET-SRB

Special Request ID SPRTI6 (IH47, AEDC V41A-J3A), "IH47 Angle of

Attack and Sideslip Effects on SRB Aerodynamic Heating," Chrysler

Corporation, Data Management Services, October 1976.

Special Request ID SPRTI7 (IH47, AEDC V41A-J3A), "IH47 Angle of

Attack and Sideslip Effects on Windward and Leeward SRB Aerodynamic

Heating Data," Chrysler Corporation, Data Management Services,

October 1976.

Special Request ID SPRTI8 (IH47, AEDC V41A-J3A), "IH47 Angle of

Attack and Sideslip Effects on Windward and Leeward SRB Aerodynamic

Heating; ET/SRB Attachment Emphasized," Chrysler Corporation, Data

Management Services, October 1976.
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TABLE I.

TEST CONDITIONS

NGMINAL CONDITIONS

MACH

NI_4BER

_.01

o".01

h.02

STAGNATION

PRESSURE

(psi )

15

37

73

STAGNATI ON

THMPEPA_JRE

715

73o

75o

href

(BTU/Sec- ft2-°R)

o.o35

o.o55

o.o51

UNIT REYNOLDS

m24BER

(million per foot

1.5

MACH

MACH
NUMBER NUMBER

3.oi

4.02

UNCERTAINTY, + PERCENT
--STAGNATI ON STAGNATION

PRESSURE TH_P ERA%'JRE

o.2 o.5

0.2 0.5

UNIT REYNOLDS

NL_fBER

C@_: _e model was instrumented with ii01 iron constantan thermo-

couples of _ich 205 were recorded. See Instrumentation, Test
Procedure, and Data Reduction sections for discussion of
uncertainties.
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TABLE III. MODEL DIMENSIONAL DATA

MOE_L COMPONENT: BODY - B62

GEN_ D_SCRIPTION: Configuration 140C orbiter fuselage, MCR 200-Rh.

Similar to 140A/B fuselage except aft body revised and improved mid-

body-wing-boot fairing, X o = 940 to X o = 1940.

MODEL SCALE: 0.0175

DRAWING NL_4BER: VLTO-O00140C, -000202C, -0o0205A, VLT0-OO02OOB, -099293

D])[ENSTONS:

Length (IML: Fwd Sta Xo = 238), In.

Length (GML: Fwd Sta Xo = 235), In.

Max Width (At X o = 1528.3), In.

Max Depth (At X o = 1464), In.

Fineness Ratio

Area, Ft 2

Max. Cross-Sectlonal

FULL SCALE MODEL SCALE

129o. 3 22.58

1293.3 22.63

26h.0 4.62

250.0 4.38

4.899 4.899

34o.885 o.io4

2 °



TABLE III. MODEL DIMENSIONAL DATA (Continued)

MOEEL COMPON_: CANOPY - C12

GENERAL DESCRIPTION: Configuration 140C orbiter canopy. Vehicle

cabin No. 31 updated to MCR 200-Rh. Used with fuselage B62.

MODEL SCALE: O.0175

DRAWING NUMBER: VL70-O0014OC, -000202B, -00020h

DIM_fSIONS:

Length (Xo = 434.643 to 578), In.

Max Width (At Xo = 513.127), In.

Max Depth (Zo = 501 to 449.39), In.

FULL SCALE

143.357

152.412

51.61

MOIEL SCALE

2.5o8

2.667

0.903

3O



TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: ELEVON - E52

GENERAL _ESCRIPTION: Elevon for configuration 140C. Hingeline at

X o = 1387, elevon split line Xw = 312.5, 6.0 , beveled edges, and
Centerbodies.

MODEL SCALE: 0.0175

DRAWING NUMBER:

DIMENSIONS:

Area, Ft 2

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

VLTO-000140C, -006089, -006092

FULL SCALE MODEL SCALE

210.0 0.064

349.2 6.111

i18.0 2.065

55.19 0.966

Area Moment (Product of area & _), Ft3

Mean Aerodynamic Chord, In.

Hingellne dihedral (origin at

Zo = 261.3509), deg.

0.2096 0.2096

0.4002 0.4004

0.0 0.0

- i0.056 - i0.056

0.0 0.0

1587.25 o.oo8

9o.7 1.587

5.229 5.229

3]



TABLE III. MOIEL DIMENSIONAL DATA (Continued)

MOIEL COMPON_: BODY FLAP - FIO

C_/NERAL DESCRIPTION: Configuration 140C body flap. Hingeline located

at Xo = 1532, Zo = 287.

MODEL SCALE: 0.0175

DRAWING NUMBER: VLTO-000140C, -355114

DIM_RSIONS:

Length (Xo _ 1525.5 to X o = 1613), In.

Max Width (At L.E., X o = 1525.5), In.

Max Depth (X o = 1532), In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectlonal (At H.L. )

Planform

Wetted

Base (Xo = 1613)

FULL SCALE MOIEL SCALE

87.5o i.531

256. oo 4.h8o

19.798 o.346

35.196 O.Oll

135.oo o.041

4.89 o.oo15

32



TABLE Ill. MOEEL DIMENSIONAL DATA (Continued)

MOE_L COMPONEWf: (MS POD - MI6

GENERAL EESC_IPTION: Configuration 140C orbiter GMS pod - short pod.

MODEL SCALE: 0.0175

DRAWING NUMBER: VLTO-008h01, -008410

DIM_ISIONS:

Length (GMS Fwd Sta Xo = 1BlO.5), In.

Max Width (At Xo = 1511), In.

Max Depth (At Xo = 1511), In.

Fineness Ratio

Area - Ft2

Max. Cross-Sectional

_GLL SCALE MOD_L SCALE

258.50 4.524

136.8 2.394

74.70 i.3O7

2.484 2. 484

58.86h 0.018
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TABLEIII. MODELDIMENSIONALDATA(Continued)

MODELCOMPONENT: RUDDER- RI8

GENk_ALDESCRIPTION:The rudder is a secondary movableairfoil at the
br_iL_ edge of the vertical fin that imparts yaw forces. This
d_K_nsional data was calculated from the GML master dimensions.

MO,%EL SCALE: ),,'v'-75

DRAWING NUMBER:

DIMENSIONS:

Area, Ft2

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Vehicle 5 configuration MCR 200, Rev. 7

FULL SCALE

97.84

198.614

91.07

50.8O

0.4OO

0.4OO

Hingeline

Area Moment (Product of Area & _), ft3

Mean Aerodynamic Chord, In.

34.833

26.249

34. 833

593.889

72.84O

MODEL SCALE

o.o3o

3.476

1.59_

0.889

0.400

0.4o0

34.833

26.249

34.833

0.003

1.275
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TABLE III. MOIEL DIMENSIONAL DATA (Continued)

MO_EL COMPORERT: BOOSTER SOLID ROCKET MOTOR - $23

GENERAL EESCRIPTION: The BS_4 is an external propulsion system which is

Jettisoned and recoverable after burnout.

and reused after recovery.

MOE_L SCALE: 0.0175

DRAWING ]_IMBER: VCTT-OOO002F, VCT2-OOOOO2E

DIMn_IONS:

Length

Max Width tank dla., In.

Max. Depth, aft shroud dia., In.

Fineness Ratio

W. P. of BSI_4 c enterline

F.S. of BSI_4 nose

B.P. of BSRM centerline

The BSRM's can be refurbished

SCALE

:].725.2

]46.oo

208.20

8.5 

4oo.o

7_3.o

25o.5

MO_L SCALE

3o.191

2.555

3.643

8.596
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TABLE III.

MODEL COMPONERT:

(;• i_b_LDESCRIPTION:

MOIEL DIMENSIONAL DATA (Continued)

EXTERNAL TANK - T3_

Spike nose configuration.

MODEL SCALE: 0.0175

(Dimensions are to tank structural OML, E_PS not included. )
DRAWING Nt_ER:

DI_IONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area - 1_ 2

Max. Cross-Sectional

VC78-000002D, VC72-O00002E

FULL SCALE M_IEL SCALE

32.295

5.792

5.687 5.687

594.678 0.1821
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: VERTICAL - V 8

GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail

(identical to configuration IbOA/B vertical tail).

MODEL SCALE: 0.0175

DRAWING NUMBER: VLTO-OOOIh0C, -000146B

DIMENSIONS: FULL SCALE MODEL SCALE

TOTAL DATA

Area (Theo.), ft 2

Planform 413.253 o.127

Span (Theo.), in. 315.72 5.35o

Aspect Ratio 1.675 1.675

Rate of Taper o.5o7 o.5o7

Taper Ratio o._o4 0.4o4

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line

45.ooo 45.ooo

26.25 26.25

41. IB 41.13

Chords:

Root (Theo.) WP

Tip (Theo.) WP

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

268.50 h. 699

io8.47 i. 898

199.81 3. 497

1463.35 25.609

635.52 Ii. 122

O.0 0.0

Airfoil Section

Leading Wedge Angle, deg.

Trailing Wedge Angle, deg.

Leading Edge Radius

i0.00 i0.00

14.92 14.92

2.00 2.00

Void Area 13.17 0.0040

Blanketed Area O.0 0.0
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TABLE III. MODEL DIMENSIONAL DATA

MODEL COMPONENT: WING - Wll 6

GENEP_L DESCRII_PION: Configuration 5 NOTE: Identical to Wll h except

a_rfoil thickness. Dihedral angle is along trailing edge of wing.

']eometric twist = 0.

MODEL SCALE: 0.0175 DRAWING NO. :

D_SIONS:

TOTAL DATA

Area _eo.), ft 2

Planfo_

S:oan (The _, _, _n.

Aspect Ratlo

Rate of Taper

Taper Ratio

Dihedral Angle, decrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Sweep Back Ancles, degrees

Leading Ed/::e

Traillnz Ed<e

0.25 E3ement Llne

Chords :

Root (Theo.) B.P.0.O.

Tip, (Theo.) B.P.

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

EXPOSED DATA

Area (_eo.), ft 2

Span, (Theo.), In. BPI08

Aspect Ratio

Taper Rat _o

Chords

Root BP108

Tip 1.O0 b/2

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

Airfoil Section (Rockwell Mod NASA) XXXX-6h

Root b/2 =

Tip b/2 =

Data for (1) of (2) Sides

Leading Edge Cuff

Planform Area, ft2

I_adlng Edge Intersects Fus M.L. @ Sta

Leading Edge Intersects Wing @ Sta

VLTO-00OI40A, -000200
FULL SCALE MODEL SCALE

2690.0 O. 824

936.68 16.392

2.265 2.265

i.177 1.177
O. 200 O. 2O0

3.500 3.500
o.500 o. 50o

45.ooo 45.ooo

- 10.056 - i0.056

35.209 35.209

689.24 12.062

137.85 2.412

474.81 8.309

1136.83 19.895

290.58 5.085

182.13 3.187

1751.50 0.536
72O.68 12.612

2.059 2.059

0.245 0.245

562.o9 9.837

137.85 2.412

392.83 6.875

1185.98 20.755

294.3O 5.15o

251.77 4.406

O. 113 O. 113
0.120 0.120

113.18 0.035

500.00 8.750

1024.00 17.920
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TABLE IV. SOLID }_DCKET B00STL_ THEPJ'OCOUPLE LOCATIONS

at: Xs = 209 in. full scale , 1725.2 in. full scale
3-5 in. model scale' L_ 30.191 in. model scale

iOOO

1001

1OO2

1003
lOO4

lOO5
lOO6

1oo7
lOO8

lOO9
IO!O

IOli

1o12

i013
1014

lO15
lO16

lO17
IO18

].0].9
1020

1021

1022

1023
1021;

1025
1026

1027
1028

1029

1030

i03!

1032

1033

1.034

lO35
1036
1037

1038

x#.

.1!5
•20

.25

•30
•40

.5
.55
.60

.65

.7
•750
.80

.875

.9_5

.939

.953

.967

•980
oOJ_

,j.

•I15

•143
•171
.2

.3
•4

.5

.55

.6

.65

.7

.8

.875

.925

•953
•967

•980
•994

0

399.19

545.04

588.17

6yt. 30

717.56

890.08
lO62.6o

Ii_8.86

1235.12

iMODEL SCALE

Xo

(INC_=_rS)

132!. 38

14o7.64
lj493 .oo
159o. ]6

6.9"36

9. 538

iO. 293
1!. 04.8

12.557

!5. 576
18. 596

20. ].05
21.615

179o. 55

1795.8!

1599.963

iMdz. 58

1867.89

1891.09

1914.37

399.19
446.70

495. Ol

545,04

717.56

890• 08
1062.60
]1_.86
1235.12

1321• 38

1407.64

1580.16

1709.55

795.81

1844.53

1867.81

1891. o9
1914.37

200.0

23. 124

24.63_
t, f

::o.].43

27.653

18o

29.917

31.427

31. gi;9

32.279

32.688
33.094

33. 502
6.986

7.817

8.663

9.538

12.557
15. 576

13. 596

2O. 105

21.615
23. 124
24.634

27.653

29.917
31.428

32.279

32.688
33.094

33. 502

3.50

175

225

23o

270

SKIN

TFIICYJ_SS

•O3O

.o3o

.o3o
•030

•o3o
.o31
•0304

.o3o4
•o3o
.0302

•029
•o28

• 029
.030

•0299

.0292

.o285
•0299

.o3o1
•0305
•030

.030

.o3o
•030

.o3o

.o31

.0302

.o3o_

.o3o

.o3o_

.0295

.O295

.O291_

•0299

•0295

.0296

.030

.o3o

.o3o3

39
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TABLE IV. SOLID }©CKET BOOSTER THERMOCOUP7% LOCATIONS

(Continued)

Tic
NO.

] 239

lOql

1042

1043
1044

1045

I01_6

1047
].01_8

1049

1050

].o51
].052
1053 *

1054

lO55
1056 *

1057

1058 *

Io59
io_o
1061

1062
lO63
lO_4
lO55
1066 *

1067"

i0_8
i_9
I070

1071"

1072

1073

1074

1075
1076

1077

• Not use_

.009
•008

,, q _

.3_

.12

• 127
.i34

•173
.18o
.186

.]-93

.2

.25

.3

.I,

.5

.6

.7

.75

.8
-875

•925

•953

-967

.98o

.994

•115
•143

.171

.2

.3

.5

.6

.7

.8

•953
.967
.980
.994

in IH 47

FULL SCALE

Xo (i cr )

203.89

213.27
286.26

372• 52

I_07•024

419. I0

h31.178

h98• h6
5]o.536
520.887
532.964

51_5.o4

6 31•30
717.56

890.o8
]._2•g
1235. ].2
1407.6 4
1493.9

1580. !6

1709.55

1795.81

184h. 53

1867.@1

1891. O9

191h. 37

399. ]-9

hh6.7

495. Ol

51_5.04

717.56

lO62.6
1935.12

14o7.64

1580.16

18m_.53
1867• 81

1891.09

1914.37

MODEL SCALE
Xo

( i_c_s

3-568

3.732

5.o!o
6.519

7.123

7. 334

7.545
8•723

8.934

9.116
9.327

K99..,_8
11.048

12.557
15. 576

18. 596
21.615
211.634

26. 143

27.653

29. ]97

31.427

32.279

32.688
33.091_
33- 502

6.986
7.817

8.663
9.538

12.557

18.595

21.615

24.634

27•653

32. 279

32.688

33•094

33- 502

27O

i

315

SKIN

THICKT_SS

(=;C_S)

.0305
•030
.030
•030
•030
.030
.030
.030
•030
•030
.030
. o30
•030
.o3o
.o3!4
•0305
.0302
•0302
.0285
• 030
.o3o
• O3Ol
•028
.028
.0287
•029
.o3o
.o3o
.030
.o3o
.030
.o3o5
.030
.0295
•o295
• 029
.O295

.0298

•0295
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TABLE r#. SOLID ROCKET BOOST_ T_PJ4OCOUPLE LOCATIONS

(Continued )

1078

1079
1080

1081 *

1082"

1083
1084
1085
1o86
1087
I088
1089"

lO9O
lO91
1092

lO93
1094

lO95
1096

1097

1098

1099
llO0

llO1

i102

11o3
1104

1105
lllO

IIii

1112

I113
lll4

Ii15
1116

lll7
lll8

1119
1120

.2

.6

.7

.75

.8

.953

.967

.98

.994

•115
.146

•177
.6
.7
.8

.115
•128

.146

.2

•]_

.6

.8

.875

.05

.i

.I15
• 146

.953

.967

.98o

.994

•115
•12S
•146

.2

.4

.6

.8

* Not used in IH47

FUIL SCALE

Xo (INCHES)

545.04

89o.08
1235.12
1407.6)_

1493.9

158o.16
1844.53
1867.81

1891.o9

1914.37

399.19
451.88

505• 36

1235.12
1407.64

158o. 16

399.19

420.83

_51.88

545.O4

89o.o8
1235.12

158o.16
17o9.55
286.26

372.52

399.19

451.88
1844.53

1867.81

1891.o9

1914.37

399.19
420.83

451.88
545.o4
590.08
1235.12

158o.].6

!_IODEL SCALE

Xo

(INCHES

9.538

15. 576

2! .6].5
24.634
26.143

27.653

32.279

32.689

33.094

33.502

6.986

7.908
8 •844
21.615
24.634

27.65 °-

6.986
7.364
7.098

9.538
15.576

21.615
27.653
29.917

5 .Ol
6.519

•6.986

7•908

32 •279

32.688

33.094

33.5O2

6.986

7.36t_

7.9O8

9.538

15.576

21.615

27.653

0

i
I

i
I

]

T
45

_r

76

I

76

J

I'

lO4

SKIN

T}{ICKNESS

(INCUS)

.o3o

.03!i

.o3o

.o292

.o28

.o295

.O291

.029Z

.0285

.030

.o3o

.o3o

.o3o

.030

.0297

.o3o

.o3o

.o3o

.o3o

.030

.o315

.0302

.o3o

.o3o

.o3o

.o3o

.o3o

.030

.O3O

.o3o

.o3o

.O3O

.O3O

.030

.o3o

.o3o

.o314

.0302

.0295
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NO.

]? _i
!3 °2
1123
1124
1125
1126
1127
1128

1129

113o
1].31

1132
1133

1134
1135
1].36
1200

1201

1202 *

1203 *
&2o_4
1205
1206

1207 *
1208

1209
12lo

1211

1212

1213
1214

1215
1216
1217
1220

12.21

1222

1223
1224

* Not used

TABLE r_. SOLID ROCKET BOOSTER T}_40COUPLE LOCATIONS
(Continued)

x/L

.$75

.]15

.11_6

•177
.2

.3

.5

.6

.7

.8

.875

.925

.953

•967

.98o

.994

•043

.05

.057

.063

.o90
•lO

.05

.09

.I00

.05

.09

.I0

•043
.05

.057

.0_3

.09

.I0

.965

.975

.985

.995

.965

tn IH47

MODEL SCALE
FULL SCALE Xo

Xo (INCHES) (INCT_S

17o9.55

399.19
451.88

505.36

545.04

717.56
io62.6o
1235.12
14o7.64
158o.16
1709.55

1795.81

1844.53

1867.31

189].09
1914.37

274.8
286.23
297.65
309.o9
355.26

372.51

286.23
355- 26

372.51

286.23
355.26

37?. 5]
274.8

286.23
297.66
309.09

355.26

372.51
1644.82
1682. o7
1699.32
1716.57

166_.82

29.917

6.986

7.908
8•844

9.538

12.557
18.595

21.615

2_.634

27.653

29.917

31.427

32.279

32.688

33.094

33.502

4.809

5.009

5.209

5.409

6.217

6.519

5.oo9

6.217

6.519

5.009

6,2].7

6.51o

4.809

5.oo9

5._o9

5._o9

6.217

6.519

29•134

29.436

29.738

30.040

29.134

42

1o4
135

I
i

i
l

i

i

155

185

215

1
225

184.25

SKIN

THICKr,_o

(r_;C_ S)

.0299

•030

.030

.030

.030

.030

.0305

.0302

.0"298

.0295

.030

.030

.0295

.0295

.030

.0299

.030

.03o

.o3o

.o3o

.030

.o3o

.0298

.030

.o3o

.0298

.o_o

.o3o

.o3o

.030

.o3o

.o3o

.o3o

.o3o

.0295

.O296

.O299

.o3o

.o3o



TABLEr@. SOLIDi©CKETBOOSTERTHERMOCOUPLELOCATIONS

1225
1226
]227*
]228*

1229
]23O*
1231"
]232
1233

]234
]235
1236
]237
1239
]24o
]241
1242

]243
1244
1245
12_6

]247
]248
]249
]25o
]251
1252
1253
1254
1255
1256
1257
]258
]259
126o
1261
]262
]263
1264

1265
* Not used

.975
•985
•995
.965

.975
•985
•995

.724

.724

.724

.72_

.724

.724

.740
•74O
.740
.740
.74O
•750
.75o
.750
.771
.771
.771
.771
.771
.771
.932

.932

.932

.932
•932
.932
•932
•939
•939
.939
•939
.939
.939
in _Z_4"

F_FLL SCALE

Xo (INC_,S)

1682.07
1699.32
1716.57
1664.82

1682.o7
1699.32
1716.57
1449.O4

_V

]-493.90

I
1530.13

IF

MODEL SCALE

Xo

(INCHES
29.436
29.738
30.O40
29.13&
29.436
29.738
30.04
25.36

Ir

26.14

I
26.78

IF

31.64

I

(DEGr{EES)

r

2OO
2OO
2OO
22O
22O

220
180
45
90
135
180

315
45
90
135
180

315
45
135
315

0

45
9o
135
18o
315

0

45
9o
135
18o
225
315

0

45
9o
135

225
315

i SKIN
THICKNESS

(INCHES)

.030

.0298
.0299
.o298
.o298
.0297
.o3o
.0291

• o289
.o299
.0294
.o287
.o289
.0288
.o298
.0291
•0285
.O287
.o286
.0289
.0288
.0282
.0287
.o286
.o281
.0282

.0291

.0306

.0309

.o3o7

.o312

.o314
•0303

.0303

.o3o8

.o311

.o3o3

.o3o?

.o3o4

.o3o4

43
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TABLE IV. SOLID ROCKET BOOSTER T}{ERMOCOUPLE LOCATIONS

T/c
NO.

12.66

1267
1268

1269
1270
1271
1272
1275
1276
1277
1278
1279
128o
]2.81
1282
12.83
1284
1285
12.86
1287
1288
1289
129o
1291

1292
1293
1294

1295
1297

x/L

•953
.953
.967
•967
.98
.98
.994
•953
•953
•953
.967
•967

.967

•967

.98

.98

.98

.98

.99h

•994

.994

.994

•120

.127

.134
•173
•18o
•186
•200

MODEL SCALE
FULL SCALE Xo

Xo (INCHES) (INCHES
1844.53
184h.53

1867.81

1867.81

1891.o9
189i.o9
191N. 37
i8h4.L_
1844.53
1844.53
1867.81

,l
189]..o9

_V

191h. 85

!V

2o7.o2
h19. lO

431.18
298.46
51o.52
52o.89
545.o2

32.80

32.80

32.69

32.69

33 .O9

33 .O9

33.50

32.28

32 .279

32.279

32.69

,i,
33.09

I

33.52

_r

7.12

7.33

7.55
8.72

8.93

9.12

9.54

(DEGREES)

318
342
318

342
318

342

318
z62
z8
58
122
162
]_8
58

122

162

18
58
122

162

18
58

256
256
256
256
256
256
256

SKIN

THI_[NESS

(INCUS)

.o313

.o3o4

.0314

.o3o3
•0316

.o3o4

.o314

.o319

.o298

.o3o1

.0298

.o312

.o3o2

.o2_

.o299

.o318

.0303

.o296

.o314

.o318

.o3o8
•0302
.o3o8
.0305
.o3o7
.0302
.o3o5
.0302
.0302
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TABLE, V. DEFINITION OF DATA SETS WITH HI/HU DATA

0

O

O

-5

-5

-5

+5

+5

+5

0

0

0

-5

-5

-5

+5

+5

+5

#

0

-5

+5

D

-5

+5

O

-5

+5

0

-5

+5

O

-5

+5

O

-5

+5

CONFIGURATI ON

SRB with Protuberances

Clean SRB

Ir

'OUTPUT DATA SET

LAST 3 CHARACTERS

(HI/HU)

ROI

RO2

ROB

R04

_D5

RO6

RD7

RO8

RO9

RIO

RII

R12

R13

RI4

RI5

m6

Rl7

R18

INPUT DATA SET

LAST 3 CHARACTERS
HI'

OTS

012

OlB

014

Hu

SRB

001

O02

oo3

o15

} 016

017

018

019

O2O

O24

O25

O26

027

O28

O29

030

031

O32

OO4

OO5

096

oo7

o08

oo9

OO1

9'92

99..3

005

oo6

007

008

009
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TABLE VI. DEFINITION OF WINDWARD AND LEEWARD SURFACES

CLEAN SRB Ol

OTS 12

_s (s_ c_a) 24

0

0

__

_.63

5
2O

35
4o

45
5o
65
76

9o
135
138
162

18o

198
225
238
256
27o
284

3o2
315
335
342
355 --

W = Windward Surface

L = Leeward Surface

-- = Border Surface, HI/HU

Ratio same as for

Leeward Surface

O2 O3

13 14

25 26

0 0

-5 5

L W

J_ J\

L

W

W

DATA SET NUMBER

o4 o5 o6 o7 o8 o9

15 16 17 18 19 29

27 28 29 3o 3z 32

-5 -5 -5 5 5 5

0 -5 5 o -5 5
v

W W W L L L

\/
W

L

L

, W

L

I

W

L
A

L

W

i%

W

I i

I I

I :
I
I
i

I '_/
V L

W --

-- W

L /k

_f

L

W \t

/_, W
I

\I L \/

L _ w

W L

_i W \/ L
W W L L

! L

W

_t

L

W

/\
\/

W

L

\/
L

¢ : ARCTA 

eat as Leeward

__-oo

¢=270°_)¢---90 °

Vsin _> Treat as Leeward
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TAB_2 VII. DATA SET IDENTIFIER NOTATION

DATA SET

NVI00I-EVI034

Fvlo(ij)

DATA DESCRIPTION

"Raw" data, data received from wind tunnel rearranged

into DATAMAN format

Identical to raw data with values of _ and _ set equal

to 999 for purposes of data handling (i = O, l, 2, 3;

j = i, 2, ...,9, o)

za_(ij)

PV_(ij)

WVIROI-WVIRI8

LVIROI-LVIRI8

Subset of FVI0(iJ) data set, retaining only data for

"Windward" values of PHI (i = 0, l, 2, B; J = l, 2, ...,

9. O)

Subset of P%rlO(iJ) data set, retaining only data for

"Leeward" values of PHI (i = O, i, 2, B; J = i, 2, ...,

9T O)

"Windward"a, _, _ conditions for HU and HI data sets in

wi--ndward calculation of HI/HU Ratios

"Leeward" _, fl, _ conditions for HU data set in leeward

calculation of HI/HU Ratios
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• All Linear Dimensions in Inches.

b. External Tank Spike Nose Configuration

Figure 2. Continued.

5O



O
t"-

\:
i

\p*-

i

H

/+_D
u'N

,a

,al.
H

tan
i./-x

(M

L
L

_5.v' .....

1
r.4
oN
,-4

o%

o
c)

I

I

%
t'-
(M

[z)

@

-o

cO

v..-I .H

O0 0

"_ r.D
7--: 0
L,I

00

-Ca @
m

0 _'j

4-)

@

o

0

0

C3

51



/_o, - .--// " \ t

, oo......1

,Z ...............:-'ZiLq-.....
i"

GEN&RAL

Rcs T/c's o_k_
NOTE:

No T 511O_N

5Z

/-



,i. ! I_.lvo

In$|illelt_

Schematic view of Tunnel A.

e. Schematic View of Tunnel A

Figure 2. Continued.
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APPENDIX

TABUIATED SOURCE DATA

Tabulations of plotted data are available on request from Data Management
Servlees •
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